A total of 41 species of fungi were isolated from seed samples of barley, maize, soybean, and sunflower collected at different locations in Serbia. The majority of detected species occurred on barley (35 of 41 species or 87.8%) comparing to soybean (17 of 41 species or 41.5%), sunflower (16 of 41 species or 39.0%) and maize (15 of 41 species or 36.9%). Species belonging to genera Alternaria, Chaetomium, Epicoccum, Fusarium, Penicillium and Rhizopus were present on seeds of all four plant species. Alternaria species were dominant on soybean, barley and sunflower seeds (85.7%, 84.7% and 76.9%). F. verticillioides and Penicillium spp. were mainly isolated from maize seeds (100 and 92.3% respectively), while other species were isolated up to 38.5% (Chaetomium spp. and Rhizopus spp.). F. graminearum, F. proliferatum, F. poae and F. sporotrichioides were the most common Fusarium species isolated from barley (51.1-93.3%), while on the soybean seeds F. oxysporum (71.4%), F. semitectum (57.1%) and F. sporotrichioides (57.1%) were prevalent. Frequency of Fusarium species on sunflower seeds varied from 7% (F. equiseti, F. graminearum, F. proliferatum and F. subglutinans) to 15.4% (F. verticillioides). Statistically significant negative correlation (r = -0.678*) was determined for the incidence of F. graminearum and Alternaria spp., as well as, Fusarium spp. and Alternaria spp. (r = -0.614*), on barley seeds. The obtained results revealed that seedborne pathogens were present in most seed samples of important cereals and industrial crops grown under different agroecological conditions in Serbia. Some of the identified fungi are potential producers of mycotoxins, thus their presence is important in terms of reduced food safety for humans and animals. Therefore, an early and accurate diagnosis and pathogen surveillance will provide time for the development and the application of disease strategies.
INTRodUCTIoN
Seed-borne pathogens have significant influence on seed production and food industry because they: (i) can affect germination, growth and crop productivity (Bhattacharya and Raha, 2002; Medić-Pap et al., 2007; Singh et al., 2011) ; (ii) cause seed and seedling diseases resulting in the development of systemic or local infections (McGee, 1998; Logrieco et al., 2003; Somda et al., 2008; Singh et al., 2011) ; (iii) cause biochemical changes, such as the reduction of carbohydrate, protein and total oil content or the increase of moisture and free fatty acid content as well as some other biochemical changes (Bhattacharya and Raha, 2002; Kakde and Chavan, 2011) ; and (iv) cause contamination of grains with mycotoxins that represent a health risk to humans and animals (Marasas et al., 1984; El-Margaghy and El-Maghraby, 1986; Logrieco et al., 2003; Magan and Olsen, 2004; Barros et al., 2011) . Damages such as seed death, seedling and plant abnormalities or decreased seed vigour caused by seed-borne pathogens are not always recognised by users (Mukhtar, 2009 ).
According to their occurrence and geographic distribution, species belonging to genera Alternaria and Fusarium are the most common on barley and other small grains (Kosiak et al., 2004) . The species predominantly found associated with head blight of wheat and other small-grain cereals in the Mediterranean region are F. graminearum Schw., F. culmorum (W.G. Smith) Sacc., and F. avenaceum (Fr.) Sacc. (Logrieco et al., 2003) . On the other hand, F. poae (Peck) Wollen., F. equiseti (Corda) Sacc., F. sporotrichioides Sherb., and F. tricinctum (Corda) Sacc are less frequently isolated. Other species encountered sporadically include F. acuminatum (Ell.) Studies on the mycobiota associated with sunflower seeds and their significance have been conducted by researchers in Pakistan (Dawar and Ghaffar, 1990; Mukhtar, 2009) . Alternaria tenuissima (Kunze ex Leman) Wilts, Aspergillus flavus Link, A. niger (Fr.) P. Karst, F. verticilllioides, F. semitectum, Trichoderma spp. and Nigrospora oryzae (Berk. & Br.) Petch. were detected on various seed parts (Dawar and Ghaffar, 1990) while Rhizoctonia solani Kühn, F. solani and Macrophomina phaseolina (Tessi) Goid. Hollidey were isolated from seed axis. A reduced number of fungal species on surface sterilised seeds suggested that most of the fungi were located on pericarp. Roy et al. (2000) presented a review of the fungi associated with soybean seeds, pods or flowers in North America. With regard to number of taxa from separate mycobiota, 63 genera and about 108 species occur in seeds, 65 genera and about 88 or more species occur in pods, and 36 genera and approximately 47 or more species occur in flowers. Most of the fungi which occur in flowers and the majority of those occurring on seeds could be cultured from pods.
Many studies have been carried out in Serbia on mycobiota of maize grain, but little has been done on barley, sunflower and soybean grain. One hundred fungal species, classified in 38 genera were identified on maize grain on the territory of the former Yugoslavia, including Serbia (Penčić and Lević, 1994) . The numerous species belong to genus Fusarium (22), Penicillium (16) and Aspergillus (12). The most common damages are caused by the species from genus Fusarium, and by N. oryzae and Bipolaris zeicola Shoem.
The objective of present study was to determine the composition of seed-borne mycobiota occurring on maize, barley, sunflower and soybean. In Serbia these four crops are dominant both in terms of areal dispersion and production. Seed testing for the presence of seed-borne pathogens is an important step in crop disease management. Early and accurate diagnoses and pathogen surveillance will provide time for the development and the application of disease strategies.
MATERIAL ANd METHodS
Seed samples of maize, barley, sunflower and soybean were collected in 2008 under different environmental conditions in Serbia. A standard method for fungal isolation and identification was applied. Briefly, a hundred seeds of each sample were rinsed for one hour in running water, then surface-sterilised in 1% sodium hypochlorite, rinsed three times with distilled water and then dried between two layers of soft paper. This way, all impurities that fungi could have encompassed were cleaned from seeds, and also getting incorrect information on seed infection was prevented. Depending on a seed size, five (maize, sunflower and soybean) or eight (barley) seeds were placed in each Petri dish (∅ 100 mm) on PDA and incubated for seven days under laboratory conditions, at 25°C and usual day/night regime. Seeds were then examined for a fungal growth under a stereomicroscope. In order to reliably identify individual species of fungi, the fragments of colonies developed on seeds were transferred to carnation leaf agar (CLA) and synthetic nutrition agar (SNA) and incubated at 12h day/night regime, using combined fluorescent and near ultraviolet light during the daily period. The CLA and SNA media were prepared according to Burgess et al. (1994) and Nirenberg (1976) , respectively.
The frequency and the incidence of seed-borne fungi were analysed on 13, 45, 13 and 7 samples of maize, barley, sunflower and soybean seeds, respectively. The frequency (F) and the incidence (I) of certain fungi were estimated according to Lević et al. (2011) : F (%) = (number of seed samples in which a species occurred/total number of seed samples) x 100; I (%) = (number of seeds in which a species occurred/total number of seeds) x 100. The frequency distribution and incidence of fungal species on seed samples were classified as 0 to ≤ 20 (low), >21 to ≤ 50 (moderate) and over 50% (high).
The correlation coefficient between the incidence of F. graminearum and Alternaria spp., as well as, between Fusarium spp. and Alternaria spp. on seed samples of barley was calculated using Pearson Product-Moment Correlation in Microsoft Office Excel 2007.
RESULTS

Seed-borne pathogens detected on maize
Results on the frequency and the incidence of each fungal species are presented separately for cereals (Table 1 ) and industrial crops (Table 2) . Out of 15 identified fungal species on maize seeds (Table 1) , only F. verticillioides and Penicillium spp. had high frequency (100.0% and 92.3%, respectively) and high incidence (up to 92.0% and 57.0%, respectively). Aspergillus spp., F. graminearum, F. subglutinans, N. oryzae, Acremonium strictum W. Gams, Alternaria spp., Chaetomium spp. and Rhizopus spp. had moderate frequency (23.1-38.5%) and low incidence (up to 16.0%). 
Seed-borne pathogens detected on barley
The highest number of fungi species was identified on barley seeds (Table 1) . Out of 41 isolated fungi from all four crops, 31 species were isolated from barley seeds, out of which 16 belong to genus Fusarium. Out of 19 fungal species that do not belong to genus Fusarium, only species from genus Alternaria were noticed in high frequency (up to 84.4%) and with high incidence (up to 99.0%), while species from genera Acremonium and Epicoccum were moderately frequent (42.2% and 40.0%, respectively) with low incidence (up to 4.8% and 8.7%, respectively). F. graminearum was the only important species from genus Fusarium, with both, high frequency (93.3%) and incidence (up to 82.7%). F. poae and F. sporotrichioides had high frequency (51.1%), but low incidence (up to 3.8 and 6.7%, respectively), while F. equiseti and F. semitectum were moderately frequent (33.7 and 28.9%, respectively) with low incidence (up to 8.7 and 2.9%, respectively). F. langsethia was isolated from barley for the first time in Serbia.
Statistically significant negative correlation (r = -0.678*) was determined between the incidence of F. graminearum and Alternaria spp., as well as, between Fusarium species and Alternaria spp. (r = -0.614*), on barley seeds.
Seed-borne pathogens detected on sunflower
Species belonging to genus Alternaria, followed by Cladosporium spp. developed most frequently on sunflower seeds (76.9 and 53.8%, respectively) and with high (52.9%) to moderate incidence (25.0%), respectively ( Table 2 ). The frequency of Epicoccum spp. and Rhizopus spp. was high (53.8%) and moderate (25.0%), while the incidence was ranging from low (up to 12.5%) to moderate (25.0%), respectively. Penicillium spp. and N. oryzae were moderately frequent (38.5 and 30.8%, respectively) with low incidence (11.2 and 12.5%, respectively). Nonetheless, F. graminearum (7.7%) and F. verticillioides (15.4%) had low frequency with moderate incidence (33.3 and 46.0%, respectively). 
Seed-borne pathogens detected on soybean
Alternaria species and F. semitectum were the most frequent species (85.7 and 57.1%, respectively), with high (up to 50.0) and moderate incidence (21.5%) on soybean seeds, respectively (Table 2) . Three species (F. oxysporum, F. graminearum and F. sporotrichioides) had high frequency (71.4, 57.1 and 57.1%, respectively), but their incidence was low (2.5, 3.8 and 7.5%, respectively). Other three species (F. equiseti, F. proliferatum and Rhizopus spp.) had moderate frequency (42.9%) and low incidence (up to 6.3%). The frequency for both Epicoccum spp. and Penicillium spp. was moderate (28.8%), while the incidence was low (0.6% and 1.3%, respectively).
dISCUSSIoN
The data on dominant fungal species on maize grains in Serbia are similar to those previously described worldwide (Abdel-Mallek et al., 1993; Mubatanhema et al., 1999; Hussein et al., 2002; Pacin et al., 2002; Logrieco et al., 2003; Somda et al., 2008; Ramos et al., 2010) . However, when comparing the data on the incidence of mycobiota on maize seeds obtained and presented in this study with previously published results by Lević et al. (1997) it can be deduced that the incidence of F. graminearum, F. oxysporum, F. subglutinans and F. verticillioides has changed over last 15 years. These changes are especially pronounced in reduced incidence of F. subglutinans and increased incidence of F. verticillioides. Furthermore, changes have also occurred in the mycopopulation of Alternaria species because the frequency of these species on maize grains was reduced by two-thirds during two centuries (Lević et al., 1993) .
Microdochium nivale (Fr.) Samuels has rarely been detected on barley seed (2.2% of positive samples) as previously established in Norway (3.8% of positive samples). The technique of a separate isolation of Fusarium species and M. nivale adopted by Ioos et al. (2004) has proved to be efficient and very satisfactory (23.1-44.1%). According to these authors M. nivale develops on agar at low temperatures (4±1ºC) for 6 days even in the presence of faster growing Fusarium species. A further 10 days incubation at 22±2 ºC with a 12 h light period enabled M. nivale to sporulate and it could be easily identified by morphological characteristics.
The results gained by Kosiak et al. (2004) indicate a negative interaction between F. graminearum and Alternaria spp., as well as, between F. graminearum and other Fusarium spp. Similar results we obtained for these pathogens on barley grains. According to obtained results, regarding statistically negative correlation between frequency of F. graminearum/Fusarium spp. and Alternaria spp., a question can be asked: is a higher frequency of Alternaria spp. on barley seeds a result of barley selection for FHB (F. graminearum) resistance and/or application of fungicides? Eitherway, it can be stated that the process of barley breeding for resistance to these two fungal species will be very complex and difficult.
High frequency of F. proliferatum (55.6%) and moderate frequency of F. verticillioides (28.9%) on barley seeds are interesting, since it is the most often phenomenon on maize seeds. These results confirm our previous statement that mentioned species are important not only for maize but also for small grains (Lević et al., 2009) .
The results on mycobiota on sunflower seeds differed from those in literature regarding the incidence of F. semitectum, F. solani, M. phaseoina, Rhizoctonia solani and Trichoderma spp. (Dawar and Ghaffar, 1990; Abdullah and Al-Mousawi, 2010) . N. oryzae has been commonly detected on cob and maize grains in Serbia (Penčić and Lević, 1994; Milošević et al., 1995) , and the results achieved in this study show that this fungus was also present on sunflower grains. This is the first report on the occurrence of N. oryzae on sunflower grains in Serbia, although according to Dawar and Ghaffar, it (1990) it is commonly occurring on this plant in Pakistan.
The analysis of mycobiota presented by Pozzi et al. (2005) revealed the presence of F. verticillioides in 70% and A. alternata in 46% of sunflower samples. Our study proves that the frequency and the incidence of these fungi were also high on sunflower grains.
The results on both the frequency and the incidence of Rhizopus spp. indicate that this fungal species could be a significant factor for damage occurrence in sunflower production in Serbia. According to Gulya et al. (1991) Rhizopus head rot is the most common sunflower disease in California, occurring in more than 70% of seed production fields. Mechanical and biological damage (from insects and birds) increase the intensity of incidence of this fungus (Gulya et al., 1991; Yildirim et al., 2010) .
If the results obtained in our study for soybean mycobiota are compared with the data gained by Medić-Pap et al. (2007) , which refer to soybean grains originating from Vojvodina, Serbia, there are certain similarities regarding the frequency and the intensity of Fusarium spp. (especially F. graminearum and F. semitectum), and Alternaria spp. Furthermore, there are certain differences in the incidence of Peronospora mancshurica (Naum.) Syd. and Phomopsis spp., which were not established in this study. Jasnić and Vidić (2008) also found that in all production regions in Serbia species of Diaporthe/Phomopsis complex were predominant (D. phaseolorum var. caulivora Athow and Caldwell, D. phaseolorum var. sojae (Leh.) Wehm. and Phomopsis longicola Hobbs). The obtained differences between the results of our and other studies can be explained by different agro-meteorological conditions under which the research was carried out. According to Jasnić and Vidić (2008) the agents affecting seed decay favour longterm rain and warm periods during soybean maturation and harvest. However, the data from the Hydrometeorological Institute of Serbia show that in August 2008, in time of soybean maturation in Serbia, the weather was warm (maximum temperatures above 30ºC) and dry without rainfall. Similar conditions were recorded during the first two weeks in September 2008.
According to Roy et al. (2000) there are 80 genus and 109 species recorded from reproductive structures of soybean in North America. Genera with the biggest number of species representatives include Aspergillus (15 species), Fusarium (11 species), Chaetomium and Penicillium (6 species each), and Colletotrichum and Alternaria (4 species each). In Mississippi, the most common fungi on soybean seed include Alternaria spp., Cercospora kikuchii Matsu. & Tomoyasu, Cladosporium spp., Phomopsis/Diaporthe complex, Fusarium spp. and Verticillium spp. (Villarroel et al., 2004) .
In conclusion, regarding the frequency of certain fungi on seeds of four tested crops, Alternaria species are important for barley, sunflower and soybean, but not for maize. F. graminearum is the main seed-borne pathogen of maize and barley, while F. verticillioides and Penicillium species are significant pathogens only of maize grain. F. oxysporum is important for sunflower grain, while Epicoccum spp. is the most frequent on soybean grain. Regarding the intensity of incidence, Alternaria species are important for barley, sunflower and soybean, while F. graminearum and F. verticillioides are the most significant pathogens of barley and maize, respectively. The data on the frequency of the same fungal species on several crops is important for the application of strategy, which will reduce their incidence on maize, barley, sunflower and soybean seeds. The dominance of toxigenic fungi on seeds of all four plants points out the risk of their usage for human and animal nutrition. Kosiak, B., Torp, M., Skjerve, E. and Andersen, B.: Alternaria and Fusarium in Norwegian grains of reduced quality -a matched pair sample study. International Journal of Food Microbiology, 93:151-62, 2004. Lević, J., Penčić, V., Ivanović, D. and Bočarov-Stančić, A.: Maize ear and associated fungi in field and crib environment. Arhiv za biološke nauke, 45: 37-44, 1993. Lević, J., Petrović, T., Stanković, S., Krnjaja, K. and Stanković, G.: Frequency and incidence of Pyrenochaeta terrestris in root internodes of different maize hybrids. Journal of Phytopathology, 159: 424-428, 2011. Pojava i učestalost patogena semena žita i industrijskih biljaka u Srbiji
